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<§) Process for the synthesis of glycol monomethylethere. 

© A process for the synthesis of glycol monomethyiethers 
consisting of reacting an olefin compound, methanol and hy- 
drogen peroxide in aqueous solution in the presence of syn- 
thetic zeolites containing titanium atoms, of general formula: 

xTi0 2 .(1-x)SiO 2 , 

where x lies between 0.0001 and 0.04 
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This invention relates to a process for the synthesis of B lycol 
monomethylethers In which the synthesis reaction is carried out in 
a single stage. 

5 It is known to prepare glycol monomethylethers by reacting an 
epoxide with methanol, using an acid as catalyst. 
These preparation methods have the drawback of requiring several 

reaction stages. 

We have now surprisingly found that a synthetic zeolite containing 
10 titanium atoms is able to cause an olefin, methanol and hydrogen 
peroxide to react together in aqueons solution in a single stage, 
to give monomethylethers. 

The subject matter of the present invention is a process for the 
8 ynthesis of glycol monomethylethers consisting of reacting an 
15 olefinic compound, methanol and hydrogen peroxide in aqueous solution 
in the presence of synthetic zeolites containing titanium atoms 
(titanium silicalites) , of the following general formula: 
xTi0 2 .(l-x)Si0 2 , 

where x lies between 0.0001 and 0.04. 
20 The synthetic seolites used for the epoxidation reaction are 

described in Belgian patent 886,812, of which we repeat some points 
illustrating the material and relative method of preparation. 
The composition range of the titanium silicalite expressed in terms 
of molar ratios cf the reagents is as follows: 

preferably 

25 Molar ratio of reagents 

Si0 2 /Ti0 2 5-200 35-65 

0H~/Si0 2 0.1-1.0 0-3-0.6 

20-200 60-100 
H 2 0/Si0 2 20-ZUU 
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Me/Si0 2 °'°- 0 - 5 ° 

+ , O 1-2 0 0.4-1.0 

RH /S10 2 O.W.U 

RN + indicates the nitrogenated organic cation deriving from the 
organic base used for the preparation of the titanium silicalite 

5 (TS-1). 

Me is an alkaline ion, preferably Na or K. 
The final TS-1 has a composition satisfying the formula 
xTi0 2 .(l-x)SiQ 2 , where x lies between 0.0001 and 0.04, and preferably 
between 0.01 and 0.025. The TS-1 is of the silicalite type, and 

10 all the titanium substitutes the silicon. 

The synthetic material has characteristics which are shown up by 
X-ray and infrared examination. 

The X-ray examination is carried out by means of a powder dif&actometer 
provided with an electronic pulse counting system, using the radiation 
15 CuKcf . The titanium silicalites (TS-1) are characterised by a X-ray 
diffraction spectrum as shown in Figure lb. This spectrum is similar 
overall to the typical spectrum of silicalite (Figure la), however 
it has certain clearly "single" reflections where double reflections 
are evident in the pure silicalite spectrum. 
20 Because the spectral differences between TS-1 and silicalite are 
relatively small, special accuracy is required in the spectral 
determination. For this reason TS-1 and silicalite were examined 
by the same apparatus, using Al^ as the internal standard. 
Table 1 shows the most significant spectral data of a TS-1 where 
25 x - 0.017, and of a pure silicalite. 

The constants of the elementary crystalline cell were determined 
by the minimum square method, on the basis of the interplanar 
distances of 7-8 single reflections lying within the range of 
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A large proportion of the interplanar distances of TS-1 are 
tendentially greater than the corresponding distances of pure 
silicalite, although only slightly, which is in accordance with the 
larger predictable value of the Ti-0 bond distance relative to that 
of the. Si-0 bond distance. 

. Passage from a double reflection to a single reflection is interpreted 
as a change from a monoclinic symmetry (pseudo orthorhombic) 
(silicalite) to an effective orthorhombic symmetry, "titanium 
silicalite" (TS-1). In Figure 1, the most apparent aforesaid 
spectral differences are indicated by arrows. 

INFRARED EXAMINATION. TS-1 shows a characteristic absorption band 
at about 950 cm' 1 (see Figure 2, spectra B, C and D) which is not 
present in the pure silicalite spectrum (Figure 2, spectrum A), and 
is also absent in titanium oxides (rutile, anastase) and in alkaline 
titanates . 

Spectrum B is that of TS-1 with 5 mol% of Ti0 2 , spectrum C is that 
of TS-1 with 8 mol% of TiC^ , and spectrum D is that of TS-1 with 
2.3 molX of TiO £ . 

As can be seen from Figure 2, the band intensity at approximately 
950 cm" increases with the quantity of titanium which substitutes 
the silicon in the silicalite structure. 

K0RPH0L0GY. From a morphological aspect, TS-1 is in the form of 
parallelepipeds with chamfered edges. A X-ray microprobe examination 
has shown that the titanium distribution within the crystal is 
perfectly uniform, thus confirming that the titanium substitutes 
the silicon in the silicalite structure, and is not present in other 
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forms* 

The process for preparing titanium silicalite comprises the preparation 
of a reaction mixture consisting of sources of silicon oxide, 
titanium oxide and possibly an alkaline oxide, a nitrogenated organic 
5 base and water, the composition in terms of the molar reagent ratios 
being as heretofore defined. 

The silicon oxide source can be a tetraalkylorthosilicate, preferably 
tetraethylorthosilicate, or simply a silicate in colloidal form, or 
again a silicate of an alkaline metal, preferably Na or K. 
10 The titanium oxide source is a hydrolysable titanium compound 

preferably chosen from TiCl 4 , TiOCl 2 and Ti(alkoxy) 4 , preferably 

The organic base is tetraalkylammonium hydroxide, and in particular 
tetrapropy I ammonium hydroxide. 
15 The reagent mixture is subjected to hydrothermal treatment in an 
autoclave at a temperature of between 130 and 200«C under its own 
. developed pressure," for a time of 6-30 days until the crystals of 
the TS-1 precursor are formed. These are separated from the mother 
solution, carefully washed with water and dried. When in the 

20 anhydrous state they have the following composition: 

+ 

xTi0 2 .(l-x)S10 2 . 0.04(RN ^0. 

The precursor crystals are heated for between 1 and 72 hours in air 
at 550°C to completely eliminate the uitrogenated organic base. The 
final TS-1 has the following composition: 
25 xTiO 2 .(l-x)Si0 2 , where x is as heretofore defined. 

Chemical and physical examinations are carried out on the products 
thus obtained. 
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The glycol monomethylether synthesis reaction is as follows: 

R-CH=CH-R« + H 2 0 2 + CH 3 0H > R-CH-CH-R' + H.,0 

OH 0CH 3 

where R and R«, «hich can be the same or different, can be H, or 
5 an alkyl, aryl, alkylaryl, cycloalkyl or alkylcycloalkyl radical. . 
The methanol can be replaced by another alcohol. 
The products obtained can be used as solvents, as intermediates or 
as "solutizers" for methanol in petrols. 

The optimum reaction temperature is between 50 and 150°C, and 
10 preferably about 100°C. At lower temperatures more epoxide and less 
ether are obtained. The pressure is that suitable for maintaining 
the olefin compound dissolved in the methanol. 

The reactions can also be carried out with in aqueous solution 
at low concentration (10-70R w/v). 
15 By way of example, the olefins which can be used for the synthesis 
of glycol raonomethylethers by this process are ethylene, propylene, 
butene-1, cis butene-2, trans butene-2 and isobutene. 
Some examples are given hereinafter in order to better illustrate 
the invention, but these are not to be taken as limitative thereof 

. 20 in any way. 
EXAMPLES 1-6 

100 cc of methanol, 3 g of catalyst and 50 g of olefin are fed into 
a 250 cc stainless steel autoclave fitted wit., a magnetic stirrer, 
an inlet for feeding the reagents and a dip tube for solution 
25 withdrawal. 

The autoclave is immersed in a bath temperature-controlled at 100°C, 
and, using a metering pump, a quantity of 36*. w/v is fed equal 
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to 60 raol% of tteolefin. The progress of the reaction with time 
is followed by withdrawing samples of the and titrating. When 
H 2 0 2 Is no longer present, the reaction is interrupted and the 
products are analysed by chromatograph. 
5 The results are given in Table 2. 

The same reactions can be carried out with the catalyst on a fixed 
bed by pumping the olefin/methanol solution and the solution 
using two metering pumps which are preset such that the molar 
I^O^ olefin ratio is about 0,6, 
10 EXAMPLES 7-10 

In order to demonstrate that dilution of the with water is not 
essential for the purposes of the reaction according to the invention, 
tests were carried out under the conditions of Examples 1-6, using 
butene-2 and propylene with 10% w/v and 70% w/v H^, and maintaining 
15 the feed ratio unaltered at 60%. 
The results are shown in Table 3. 
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TABLE 1 . ... -„ » •-- 

TS _ 1 • Silicallte ^ - 

- J 

,( Cu l 3b planar (Cuk**) plao ar" n 
- — - ~ ..- 

dlstancs d(A) dlsi&noe d(A) 

7.94 11.14 ' vs 7.94 11.14 Vs 

8.85 9.99 S »-85 9.99 S 

9.08 9.74 m • 9. OB 9.74 m " 

13.21 6.702 v . 13.24 6.687 w 

13.92 6.362 mw 13.95 6.348 mw 

14.78 5.993 ro w 14.78 5.993 mw 

15.55 5.698 w 15.55 5.698 'V* 

15.90 5.574 w 15.90 5.574 v 

17,65 5.02 5 17.65 5.025* w 

, 17.81 4.980 w • 17.83 * 4.975 v 

20.37 4.360 w j 20. 39 4.355 v 

20.85 4.260 raw 20.87 4.256 mw 

23,07 3.855 s 23.08 3.853 8 

23.28 3.821 ps 

23.29 3.819 s . 

23.37 3.80 6 W3 

23.71 ' 3.753 ms 

23,72 3.751 s ' •* > 

' 23.60 3.739 m3 

23.92 3.72Q . S 23.94 3.717 S 
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X, A process for the synthesis of glycol monomethyl ethers, 

characterised hy reacting together an olefin compound, methanol 
and hydrogen peroxide in aqueous solution, in the presence of 
5 synthetic zeolites containing titanium atoms, of general formula: 

*rio 2 . (l-x)Si0 2 
where x lies between 0.0001 and 0.04. 

2. A process as claimed in claim 1, characterised in that 

the reaction is carried out at a temperature of between 50 and 150°C« 
10 3. A process as claimed in claim 1, wherein the hydrogen 

peroxide is in dilute aqueous solution. 

4. A process as claimed in claim 1, wherein the hydrogen 
peroxide in the aqueous solution is between 10 and 70% w/v. 

5. A process as claimed in claim 1, wherein the olefin compound 
15 is chosen from ethylene, propylene! butene-1, cis butene~2, 

trans butene-2 and isobutene# 
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